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 要  旨 
近年では，あらゆるモノをネットワークで結ぶ新たな技術としてIoT 
（Internet of Things）に注目が集まっている．IoT を始めとして，組込み機器 
上で動作させるプログラムはハードウェアに最適化させるために，C やアセン 
ブラといった低レベルのプログラミング言語を用いて開発されることが多い． 
しかし，こうした言語による開発には，時間がかかる上に，バグが発生しやす 
いという問題がある． 
この問題を解決するため，組込み向けプログラムの開発にJavaScript を利 
用することを目的とし，各IoT デバイスとその上で動作するプログラムに特 
化したJavaScript 仮想機械を生成するカスタマイズ可能なフレームワークが 
開発されている．このフレームワークは，プログラマがデータ型に関する定義 
ファイルを作成することで，デバイスや動作させるプログラムに最適化した仮 
想機械を生成できる． 
本研究では組込みシステムで重要であるリアルタイム性を高めるためにフ 
レームワークの1 つとしてイベント駆動型プログラミングによる非同期処理の 
導入した. 本研究ではスレッドやプロセスを用いた手法ではないメモリ消費の 
少ないイベントループを用いた手法で実装を行った. 性能評価実験を行いリア 
ルタイム性が向上したことを確認した. 
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embedded JavaScript(eJS) ????????. eJS ? eJS Compiler(eJSC),eJS
TookKit(eJSTK),eJS Virtual Machine (eJSVM)??????.eJSC??JavaScript ?
???????????????????????????VM ???????????
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??????????????eval ???????????eval ??????????
?? JavaScript ?????????????????? 3.1 ???????eJS ???
??????????????????????????????????
?????????????????????????????????
• with ?
• delete ?
• ??????????? var ???
with ??????????????????????????delete ???????
???????????????????????????????var ???????
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????? JavaScript ??? eJSVM ???????????????. ????
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???? eJS ????????????????????????????????
?????????,??????????????.
4.1 ???????
????????????????,??????????????????????
??. ?????????????????????????????? libuv ???.
libuv[2] ????? NodeJS ??????????????., ???????????
I/O ??????????????. libuv ??????, ??????????? I/O
??????,????,????,????,?????????? I/O???????
?????. ? 4.1? libuv???????????????????????????
???. libuv?,??????????????,??????????????.
?????,?????????????????????????????????.
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???,???????????????????????? TCP?????????
???. ???????????????????????????????. ???,
??????????????????????.
???????? libuv ????????. ??????? I/O ?????????
???,??????????? I/O????????.??????????????
??????,?????????????????. libuv????????????,
????????????????? API??,??????????????,???
????????.??????????? I/O??????????????????
??????????????????.? 4.2?????? I/O???????
• ???????????????????
• ????????????????
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• ????????????
• ??????????????
?????????????????????????.
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???????????????????????????.????????????
????????.?????????????.
Listing 4.1 ?????????????
1 while there are still events to process:
2 e = get the next event
3 if there is a callback associated with e:
4 call the callback
???????????????????.
• ????????????????????????
• TCP??????????
• ??????????????????
- ????????????????????????- TCP??????????- ?
?????????????????
?????????? libuv ??????????? uv run ??????????.
???,???? uv run??????????????????????????.
??????????????????????,????????????????
?????????????.??????/???? (read, fprintf, etc.)??????
??,?????????????????????.????????????????
??, ?????????????????????, ???????????????
?????????. ?????????????????????????, ????
????????????????.???????????????????????
?,?????????? I/O????????????????????.
????????????????????????.??????? I/O?????
??????? (???????????)????????.????????????
??????????,????????? CPU?????????????????
?????????????????????.
libuv???????????????????????,???,?????????
??????????.????? OS??????????????????????
??. ???, ??????????? read ???????????????????
???????????.??????,????????? OS???????????
?????, ?????????????????????????. ????????
??????? (???????????????????????????)????
?????????????.????????????????????,(???/??
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??)??????????????????????.??,????????????
?????????????????????????????.??? OS?????
??? libuv????????????????,libuv???????????????
?????????????.??????????????????????????
??????????????????????????.
2????????,??????????????????????????.???
?????????????????, ???????, ??????????????
??. ??????????????????????,???????????.???
?????? 1?????????????????????????????????
???????.???,1????????????????????????????
????. ???, ???????????????????????????????
????libuv??????????.
4.2 ??????????????????????
??????? libuv??????????????????????????.??
????????????????????. ???????????????????
??.
• 2????????????.???????????????????????.
• 5???4??????? TCP????? 2????????????????
???.
• 8???7??????? IP????,?????????.
• 9???????????????????.on new connection????????
????????????????????????????.
• 14???????????????.??????????????.
Listing 4.2 ?????????
1 int main() {
2 loop = uv default loop();
3
4 uv tcp t server;
5 uv tcp init(loop, &server);
6
7 struct sockaddr in bind addr = uv ip4 addr("0.0.0.0", 7000);
8 uv tcp bind(&server, bind addr);
9 int r = uv listen((uv stream t∗) &server, 128, on new connection);
10 if (r) {
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11 fprintf(stderr, "Listen␣error␣%s\n", uv err name(uv last error(loop)))
;
12 return 1;
13 }
14 return uv run(loop, UV RUN DEFAULT);
15 }
?????????????????????????????? on new connection
????????????. TCP????????????????????????
?,??????????????????????????????????????
??????. ???????????????????? 9 ???????????
???????????????????9????????????????????
???????????????????????????14???????????
???????????????????????????.
Listing 4.3 ???????? on new connection
1 void on new connection(uv stream t ∗server, int status) {
2 if (status == −1) {
3 // error!
4 return;
5 }
6
7 uv tcp t ∗client = (uv tcp t∗) malloc(sizeof(uv tcp t));
8 uv tcp init(loop, client);
9 if (uv accept(server, (uv stream t∗) client) == 0) {
10 uv read start((uv stream t∗) client, alloc buffer, echo read);
11 }
12 else {
13 uv close((uv handle t∗) client, NULL);
14 }
15 }
• 7????????????????????????????????????
????
• 8???7?????????????????????????.
• 9????????????????????????
• 10?????????????????????????,alloc buffer?????
???????,????????? echo read????????????
• 13????????????????????,???????????.???,
??????????????????????
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4.3 ??????????????
???????????????????????????????????????
??. ???????????????, ?????????????????????
?????????????????.??????????????????????
???????????, ????????????????????. ???????
????????????????????????????????????????
???????.??????? I/O????????.
4.4 eJS???????????
eJS ????????????, ???????????????????????
?, ????????. eJS ??????????????????? 4.3 ????
??. eJSVM ????????????????, ???????????????
???, ??, ??????????????????????????????. ?
???,JavaScript ??????????????????????????????
?????????. ?????????????????????????.1 ??
uv default loop ?????????????????????????. ??????
??????????????.
• ???????????????
• ???????? getter
• ??????????
• ???????? getter ?????????????????. ??? getter ???
??????????????????,?????????????????????.
??????????? JavaScript???????????????????????
??.?????????????????.
???????????????????.eJS?? JavaScript??? eJSVM???
?????????????????????. ????TCP???????? eJSVM
????????????? JavaScript ???????????? 4.1 ???. ???
?????? I/O?? 4.2???,GPIO?? 4.3???.
eJSVM ????????????????????????????. ??????
??????????.
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? 4.3 ???????????? eJSVM???
? 4.1 TCP?????
eJSVM ?? JavaScript ?? ??
tcp bind bind ???????
tcp connect connect ???????
tcp listen listen ??????????????
tcp read read ??????
tcp write write ??????
tcp close close ???????
• JavaScript?????? eJSVM????????
• JavaScript???????????????? eJSVM????
• JS ??? eJSVM ?????? eJS ?????????.JavaScript ???????
????????? JavaScript ?? context ??????????. JavaScript ??
???????????????? context??????????.context??????
libuv?????????????????. ?????????????????.
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? 4.2 ???? I/O???
eJSVM ?? JavaScript ?? ??
fs open open ???????
fs read read ?????????
fs write write ??????????
fs close close ????????
? 4.3 GPIO???
eJSVM ?? JavaScript ?? ??
gpio open open ????????? GPIO?????
gpio read read GPIO???????
gpio write write GPIO????????
gpio close close GPIO??????
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? 5 ?
??
5.1 ???????????
??????????????????????. ????????????????
??????? initialized????.??????????? true,?????????
?????????? false ???. 5 ??????????????????????
?????????????????????????.??????????????
?????????????????????. ev loop start ???????????
???????.uv loop get????????????????????? uv run??
????????????????????. ev loop start? VM loop???????
????????????????????.
Listing 5.1 ??????????
1 static initialized = false;
2 static uv loop t ∗loop;
3
4 uv loop t∗ uv loop get(){
5 if(!initialized){
6 loop = uv default loop();
7 initialized = true;
8 }
9 return loop;
10 }
11
12 void ev loop start(){
13 uv loop t∗ loop = uv loop get();
14 uv run(loop, UV RUN DEFAULT);
15 }
5.2 ??????????
???????????????????? eJS ???????????????
??. JavaScript ?????????????????????????????.
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tcp constr???????????????????????????????.???
????????,????????????????????.uv server get? 1???
??? TCP????????,2?????????????????.uv tcp init??
??????? TCP?????????.init builtin tcp? while???? JavaScript
????????????????.ObjBuiltinProp ??????? { ??????
??,???????,????,?? }???.
Listing 5.2 TCP??????????
1 ObjBuiltinProp tcp funcs[] = {
2 { "bind", tcp bind, 2, ATTR DE },
3 { "connect", tcp connect, 3, ATTR DE },
4 { "listen", tcp listen async, 1, ATTR DE },
5 { "read", tcp read, 2, ATTR DE },
6 { "write", tcp write, 3, ATTR DE },
7 { "close", tcp close, 1, ATTR DE },
8 { NULL, NULL, 0, ATTR DE }
9 };
10
11 void tcp constr()
12 {
13 uv loop t∗ loop = uv loop get();
14 uv tcp t∗ server = uv server get();
15
16 uv tcp init(loop, server);
17 }
18
19 void init builtin tcp(Context ∗ctx)
20 {
21 JSValue tcp;
22 tcp constr();
23
24 {
25 ObjBuiltinProp ∗p = tcp funcs;
26 while (p−>name != NULL) {
27 set obj cstr prop(ctx, tcp, p−>name,
28 new normal builtin(ctx, p−>fn, p−>na), p−>attr);
29 p++;
30 }
31 }
32 }
5.2.1 listen
???? TCP ??? 1 ????? listen ??????????????????
????????????. ????????????????????????
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handlewrap ????????. BUILTIN FUNCTION ?????????????
??????????. builtin prologue ????????, ???????????
??????.args ???? JavaScript ??????????.handlewrap ?????
?,JavaScript ?????????????,TCP ??????????. ??????
handlewrap????????????????? data? handlewrap????.???
??? handle->data? handlewrap?????????????.
Listing 5.3 listen
1 typedef struct {
2 int client id;
3 uv tcp t ∗client;
4 uv write t∗ req;
5 JSValue∗ stack;
6 Context∗ context;
7 uv handle t∗ handle;
8 JSValue callback;
9 }handlewrap t;
10
11 BUILTIN FUNCTION(tcp listen)
12 {
13 builtin prologue();
14 JSValue asyncfn = args[1];
15
16 //handlewrp???
17 handlewrap t∗ handlewrap;
18 handlewrap = (handlewrap t∗) malloc(sizeof(handlewrap t));
19 handlewrap−>handle = (uv handle t∗)uv server get();
20 handlewrap−>callback = asyncfn;
21 handlewrap−>handle−>data = handlewrap;
22 handlewrap−>context = context;
23
24 uv listen((uv stream t∗) handlewrap−>handle, DEFAULT BACKLOG,
listen callback);
25 }
?????????? listen callback ??????.eJSVM ???????????
?????? TCP ????? JavaScript ?????????????. ????
handlewrap global ??????????. ??????????????? (client id)
??????. 2 ????????? eJSVM ???????????? JavaScript ?
? client id ????????.eJSVM ??????????????????????
?????????????????.uv tcp init???????? TCP??????
??????????,uv accept ????????????.call async func ????
JavaScript ???????????????.call async func ???? 1 ??????
???????,? 2??????????????,? 3????????????.
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Listing 5.4 listen???????
1 void listen callback(uv stream t ∗handle, int status){
2
3 JSValue ∗stack;
4 int client id = ++client id global;
5 handlewrap t∗ handlewrap = (handlewrap t∗)handle−>data;
6 handlewrap global[client id] = (handlewrap t∗) malloc(sizeof(handlewrap t));
7 ?//?????????
8 JSValue callbackfn = handlewrap−>callback;
9
10 //????????????????????ID???
11 stack = &get stack(handlewrap−>context, 0);
12 stack[get sp(handlewrap−>context)] = cint to fixnum(client id);
13
14 if (status == 0) {
15 handlewrap global[client id]−>client = (uv tcp t∗) malloc(sizeof(uv tcp t));
16 handlewrap global[client id]−>client−>data = handlewrap global[client id];
17 uv tcp init(uv loop get(), handlewrap global[client id]−>client);
18 uv accept((uv stream t∗ )uv server get(), (uv stream t∗)handlewrap global[
client id]−>client);
19 }
20 call async func(callbackfn,1,handlewrap−>context);
21 }
?????????????? JavaScript????????????????????
?????,???????????????????.listen????????????.
??????????????????????????? (read??).client id???
??????????.write???????????????????????????
??? buffer ????????????????. ??? client id ?????????
??.
Listing 5.5 listen???????
1 Tcp.bind("127.0.0.1",8000)
2
3 Tcp.listen(function(client id){
4 Tcp.read(client id,function(client id,buffer){
5 Tcp.write(client id,buffer,function(client id){
6 Tcp.close(client id,function(client id){
7 })
8 })
9 })
10 })
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? 6 ?
??
JavaScript ???????????? eJSC ??????????????????
?????????????????? eJSVM????????.? 6.1??????
???,????????????????????????????????????
?,??????????????????????????????????????
???????????????????.
? 6.1 ????
OS? macOS High Sierra
CPU 2.9GHz Intel Core i5
6.1 ????
?????????????????.
• ??????
• ??,??????
• ???????????????????????????????????????
??????????. ?????????????????????????????
????????????????????????. ??,????????????
?????????????,????????.
6.2 ????
???,???????? 1.5?????????????? 1??????????
??,???????????????????. ????????? 100(??????
?? 1-100????????),????????????????????.?????
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????????. ???????? 6.2 ???. ?????????????????
8.25%?????.???????????????????????????????
?, ?????????????????, ??????????. ??, ???????
????? 1?????????????????????????????????,
???????????.?????????????????????????.???
????????????.????????????????? 11.68%?????.?
????????????????????????????????????.???
?????????????. ????????????????? 6.65% ?????.
????????????????????????????????????????
????.???????????????????????????????????
????????????.
? 6.2 ????
??? ?? ???/?? (%)
?????? (sec) 7.904 8.614 91.76
?????? (sec) 6.981 7.904 88.32
?????? (sec) 9.247 9.906 93.35
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? 7 ?
????
Protothreads[4]??????????????????????????????,?
???????????????????. ???????????????, ????
???????????. ???????????????????????. ????
????? libuv????????????????????????????????
????????.???,????????????????.
contiki[5] ??????????????????????????????. ??
?????????????????????????????????????.??
??,libuv ??????????????????????????????????
??.
MANTIS[6] ????????????????????????. ???????
???????????, ????????????????????????. ???
?,????????? eJS???????????.
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? 8 ?
????
IoT ????????????? eJS????????? 1???????????
????????????????????????????.???????????
??????????,???????????????????????????.
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